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Summary 


A  long-term  assessment  of  odontocete  populations  throughout  the  main  Hawaiian  Islands  has 
involved  small-boat  surveys  using  photo-identification,  genetic  sampling,  and  satellite  tagging  to 
address  questions  related  to  population  structure  and  habitat  use,  among  others.  Prior  to  2010  we 
had  undertaken  limited  field  operations  off  0‘ahu  (in  2002  and  2003),  and  off  Kauafi  (in  2003, 
2005,  and  2008).  Navy  training  activities  may  take  place  throughout  the  Hawaifi  Range 
Complex;  however  many  of  the  training  exercises  are  undertaken  in  the  western  main  Hawaiian 
Islands,  in  particular  at  the  Pacific  Missile  Range  Facility  (PMRF)  off  Kauafi  and  Nifihau.  As 
part  of  an  effort  to  reduce  uncertainty  regarding  the  population  structure,  range,  and  abundance 
of  odontocetes  in  the  western  main  Hawaiian  Islands,  to  help  inform  Navy  impact  assessments, 
we  undertook  small-boat  based  research  efforts  off  0‘ahu  (in  2010)  and  off  Kauafi  (in  2011  and 
2012).  These  efforts  utilized  a  variety  of  field  methods  to  obtain  data  sets  relevant  to  assessing 
these  population  characteristics,  including  photo-identification,  collection  of  biopsy  samples  for 
genetic  studies,  and  satellite  tagging.  Over  the  three  years  of  the  project,  surveys  were 
undertaken  on  66  days  (406  hours)  covering  6559  km.  Overall  there  were  191  odontocete 
sightings,  183  of  which  were  identified  to  species.  Off  0‘ahu  there  were  30  sightings  of  10 
species,  while  off  Kauafi  and  Nifihau  there  were  153  sightings  of  eight  species.  One  hundred 
two  biopsy  samples  were  collected  from  seven  different  species  for  genetics  and  toxicology 
studies.  Thirty  satellite  tags  were  deployed  on  five  species:  pygmy  killer  whales,  false  killer 
whales,  bottlenose  dolphins,  rough-toothed  dolphins,  and  short-finned  pilot  whales.  For  all  five 
species,  tag  data  indicate  that  there  are  island-associated  populations.  Our  efforts  substantially 
increased  what  is  known  about  the  movements  and  habitat  use  of  these  five  species  of 
odontocetes  in  the  western  main  Hawaiian  Islands. 

Introduction 

Understanding  the  impacts  of  anthropogenic  activities  on  animal  populations  requires 
knowledge  of  their  population  structure,  sizes,  and  ranges,  among  other  things,  and  for  most  wild 
animal  populations  there  is  considerable  uncertainty  about  even  these  basic  population 
characteristics.  In  Hawaiian  waters  18  species  of  odontocete  cetaceans  have  been  documented 
(Barlow  2006).  While  there  is  information  on  ranges  and  population  sizes  for  some  species, 
particularly  those  found  primarily  in  nearshore  waters,  for  the  majority  of  species  this  type  of 
basic  information  has  been  either  lacking  or  is  restricted  primarily  to  specific  areas  within  the 
main  Hawaiian  Islands  where  research  efforts  have  been  concentrated.  Recent  efforts  to  study 
odontocetes  in  Hawaiian  waters  have  been  biased  towards  the  eastern  main  Hawaiian  Islands, 
particularly  off  Hawaifi  Island,  because  of  the  more  favorable  working  conditions  in  those  areas, 
while  comparatively  little  research  effort  had  focused  on  odontocetes  in  the  western  main 
Hawaiian  Islands  (Nifihau  to  0‘ahu). 

A  long-term  assessment  of  odontocete  populations  throughout  the  main  Hawaiian  Islands 
(see  Baird  et  a/.  2013a)  has  involved  small-boat  surveys  using  photo-identification,  genetic 
sampling,  and  satellite  tagging  to  address  questions  related  to  population  structure  and  habitat 
use,  among  others.  Prior  to  2010  we  had  undertaken  limited  field  operations  off  0‘ahu  (in  2002 
and  2003)  and  off  Kauafi  (in  2003,  2005,  and  2008).  Odontocete  satellite  tagging  work  in  the 
western  main  Hawaiian  Islands  was  undertaken  in  a  2008  field  project  off  Kauafi  (Baird  et  al. 
2008a),  as  well  as  during  a  2009  Pacific  Islands  Fisheries  Science  Center  research  effort  off 
0‘ahu,  although  only  a  small  number  of  satellite  tags  were  deployed  in  those  efforts.  One 
finding  from  earlier  efforts  was  the  existence  of  multiple  island-associated  populations  of 
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common  bottlenose  dolphins  {Tur slops  truncatus,  hereafter  bottlenose  dolphins)  in  the  main 
Hawaiian  Islands,  based  both  on  photo-identification  (Baird  et  al.  2009)  and  genetic  analysis  of 
biopsy  samples  (Martien  et  al.  2011).  There  appear  to  be  four  demographically  isolated  insular 
populations  of  this  species  in  the  main  Hawaiian  Islands,  one  each  off  Ni‘ihau  and  Kaua‘i, 
0‘ahu,  in  the  Maui  Nui  area  (the  islands  of  Molokafi,  Lana‘i,  Maui,  and  Kaho‘olawe),  and  off 
Hawaifi  Island,  as  well  as  an  offshore  (pelagic)  population  (Baird  et  al.  2009,  Martien  et  al. 
2011).  For  rough-toothed  dolphins  ( Steno  bredanensis),  photo-identification  efforts  prior  to 
2007  demonstrated  that  individuals  off  Kaua‘i  and  Nifihau  exhibited  a  degree  of  site  fidelity 
(Baird  et  al.  2008b),  but  little  information  was  available  to  assess  population  range  or 
movements. 

While  Navy  training  activities  may  take  place  throughout  the  Hawaifi  Range  Complex, 
many  of  the  training  exercises  are  undertaken  in  the  western  main  Hawaiian  Islands,  in  particular 
at  the  Pacific  Missile  Range  Facility  (PMRF)  off  Kaua‘i  and  NPihau1 * 3.  As  part  of  an  effort  to 
reduce  uncertainty  regarding  the  population  structure,  range,  and  abundance  of  odontocetes  in 
the  western  main  Hawaiian  Islands,  to  help  inform  Navy  impact  assessments,  we  undertook 
small-boat  based  research  efforts  off  0‘ahu  (in  2010)  and  off  Kaua‘i  (in  2011  and  2012).  These 
efforts  utilized  a  variety  of  field  methods  to  obtain  data  sets  relevant  to  assessing  these 
population  characteristics,  including  photo-identification,  collection  of  biopsy  samples  for 
genetic  studies,  and  satellite  tagging.  Here  we  combine  results  of  field  efforts  funded  through 
the  U.S.  Navy’s  Living  Marine  Resources  Program  (through  a  three-year  grant  from  the  Naval 
Postgraduate  School)  as  well  as  additional  field  time  in  the  study  area  in  201 1  and  2012  funded 
through  the  Pacific  Islands  Fisheries  Science  Center  and  Commander,  Pacific  Fleet.  We  also 
utilize  results  from  research  efforts  in  the  eastern  main  Hawaiian  Islands,  off  Lana‘i,  Maui,  and 
Hawai‘i  Island,  to  help  interpret  results  from  photo-identification  and  satellite  tagging. 


Methods 


Tag  types  and  programming 

Two  types  of  satellite  tags  were  used:  a  location-only  tag  (Wildlife  Computers  SPOT5), 
and  a  location-dive  tag  (Wildlife  Computers  MlclO-A),  both  in  the  LIMPET  configuration.  The 
location-dive  tags  are  slightly  heavier  and  are  less  optimal  in  terms  of  ballistics,  so  were  only 
used  when  weather  conditions  and  animal  behavior  were  optimal  for  tagging.  In  addition,  the 
battery  life  of  location-dive  tags  was  shorter  than  for  location-only  tags,  thus  they  were  used 
more  often  with  smaller  species,  which  typically  tend  to  have  shorter  average  attachment 
durations.  Each  tag  is  attached  with  two  titanium  darts  with  backward  facing  petals,  using  either 
short  (4.5  centimeters  [cm])  or  long  (6.5  cm)  darts,  depending  on  species  (e.g.,  short  darts  for 
pygmy  killer  whales  [Feresa  attenuata ],  rough-toothed  and  bottlenose  dolphins;  long  darts  for 
short-finned  pilot  whales  [ Globicephala  macrorhynchus ]  and  false  killer  whales  [ Pseudorca 
crassidens ]). 

For  each  tag  type  (location-only  or  location-dive)  there  were  different  programming 
combinations  depending  on  species  and  the  timing  of  field  operations  in  relation  to  scheduled 
Navy  activities  off  PMRF.  The  combinations  are  based  on  the  average  number  of  respirations 

1  See  annual  monitoring  reports  for  the  Hawai‘i  Range  Complex  at 

http://navvmarinespeciesmonitoring.us/reading-room/ 
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per  hour  from  previous  tagging  studies  (Cascadia  Research  Collective,  unpublished),  while 
taking  into  account  the  speed  of  surfacing  and  the  likelihood  of  the  tag  remaining  attached  for 
longer  than  ~30  days,  which  varies  by  species.  Some  of  the  location-dive  tags  were  set  to  record 
a  time  series  (recording  depth  once  every  1.25  minutes  for  dolphins  and  once  every  2.5  minutes 
for  whales),  and  all  transmitted  dive  statistics  (start  and  end  time,  maximum  depth,  duration)  for 
any  dives  >  30  meters  (m)  in  depth.  Prior  to  each  field  effort,  satellite  pass  predictions  were 
carried  out  using  the  Argos  web  site  to  determine  the  best  hours  of  the  day  for  transmissions 
given  satellite  overpasses  for  the  approximately  two-month  period  starting  at  the  beginning  of 
the  deployment  period. 

Survey  locations,  timing,  and  field  methods 

Surveys  were  undertaken  off  the  island  of  0‘ahu  for  14  days  in  October  2010,  based  out 
of  Ko‘olina  Marina.  Surveys  were  undertaken  off  the  island  of  Kaua‘i  for  4  days  in  February 
2011  (as  part  of  a  survey  coordinated  by  NAVFAC  PAC),  for  18  days  between  21  July  and  8 
August  2011,  for  eight  days  between  10  and  19  January  2012,  and  for  21  days  between  12  June 
and  2  July  2012.  Vessels  used  included  a  27’  Boston  Whaler  outfitted  with  a  tower  and  bow 
pulpit  (0‘ahu,  some  2011  Kauafi  surveys),  the  96’  R/V Searcher  and  a  15’  rigid-hulled  inflatable 
(February  2011),  and  a  24’  rigid-hulled  Zodiac  (July/August  2011,  2012).  Off  0‘ahu  efforts 
were  made  to  cover  as  broad  a  range  off  the  southern  and  southwestern  shores  of  the  island  as 
possible,  with  efforts  concentrated  away  from  shallow  (e.g.,  <200  m)  nearshore  areas,  as  weather 
conditions  permitted.  Off  Kauafi,  projects  in  July/ August  2011  and  both  projects  in  2012 
involved  coordination  with  the  Marine  Mammal  Monitoring  on  Navy  Ranges  (M3R)  program, 
using  the  real-time  detection  system  on  the  Navy’s  hydrophone  system  within  the  Pacific  Missile 
Range  Facility  off  Kauafi  to  direct  the  research  vessel  to  areas  where  vocalizing  odontocetes  had 
been  detected.  When  PMRF  was  closed  or  weather  conditions  did  not  allow  working  in  that 
area,  survey  effort  was  re-directed  to  other  areas  with  good  working  conditions. 

In  all  cases  observers  scanned  360  degrees  around  the  research  vessel,  which  transited 
typically  at  speeds  of  15-30  km  h"1.  For  mapping  effort  and  calculating  effort  by  depth,  effort 
locations  were  logged  on  the  GPS  every  five  minutes.  Humpback  whales  ( Megaptera 
novaeangiiae )  were  generally  not  approached,  but  sightings  of  all  whales  were  assessed  visually 
to  determine  the  species.  Each  group  of  odontocetes  encountered  was  approached  for  positive 
species  identification,  and  we  recorded  group  size,  location,  and  behavior  of  all  odontocetes 
encountered.  Species  encountered  infrequently  (e.g.,  false  killer  whales  and  pygmy  killer 
whales)  were  given  higher  priority  than  frequently  encountered  species  (e.g.,  spinner  [ Stenella 
longirostris ],  bottlenose,  and  rough- toothed  dolphins).  Extended  work  with  frequently 
encountered  species  was  typically  only  undertaken  with  groups  that  were  suitable  for  tagging 
given  behavior  and  sea  conditions,  and  when  no  other  higher-priority  species  were  in  areas 
suitable  for  working.  Small  delphinids  (i.e.,  bottlenose  dolphins  and  rough-toothed  dolphins) 
were  not  targeted  for  tagging  until  the  second  Kauafi  project  in  201 1 .  Photographs  were  taken  of 
most  encounters  to  confirm  species  and  identify  individuals.  Skin  biopsy  samples  were  collected 
when  possible  to  confirm  population  identity  (for  false  killer  whales,  see  Chivers  et  al.  2010) 
and/or  to  confirm  sex  of  tagged  individuals. 

Photographic  and  data  analyses 

Photos  for  individual  identification  were  compared  to  catalogs  of  these  species  held  by 
Cascadia  Research  Collective  (e.g.,  Baird  et  al.  2008b,  2008c,  2009;  Mahaffy  et  al.  in  review; 
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McSweeney  et  al.  2009).  Individual  sighting  histories  were  assessed  with  photographs  taken 
both  prior  and  subsequent  to  field  efforts,  incorporating  photos  contributed  to  the  catalogs  by 
other  individuals.  (See  Acknowledgements.)  Analyses  of  associations  to  assess  population 
identity  of  tagged  individuals  were  undertaken  using  SOCPROG  2.4,  and  network  diagrams 
created  using  Netdraw  2.097  (Analytic  Technologies). 

Locations  of  tagged  individuals  were  estimated  by  the  Argos  System  using  the  least- 
squares  method  and  were  assessed  for  plausibility  using  the  Douglas  Argos-Filter  v.  7.08" 
(Douglas  et  al.,  2012).  This  filter  includes  a  number  of  user  defined  variables:  maximum 
redundant  distance  (consecutive  points  separated  by  less  than  a  defined  distance  are  kept  by  the 
filter  because  Argos  location  errors  rarely  occur  in  the  same  place,  so  very  close  temporally 
consecutive  points  are  assumed  to  be  self  confirming);  location  classes  (LCs)  that  are 
automatically  retained;  maximum  sustainable  rate  of  movement;  and  the  rate  coefficient 
(Ratecoef)  for  assessing  the  angle  created  by  three  consecutive  points.  The  rate  coefficient 
algorithm  takes  into  account  that  the  farther  an  animal  moves  between  locations,  the  less  likely  it 
is  to  return  to  or  near  the  original  location  without  any  intervening  positions,  creating  an  acute 
angle  characteristic  of  typical  Argos  error.  We  automatically  retained  locations  separated  from 
the  next  location  by  less  than  a  maximum  redundant  distance  of  3  km,  as  well  as  LC2  and  LC3 
locations  (estimated  error  of  <500  and  <250  m,  respectively  [Argos  User’s  Manual]).  LC1 
locations  (with  estimated  error  of  between  500  and  1500  m),  as  well  as  LC0,  LCA,  LCB,  and 
LCZ  locations  (with  no  estimation  of  accuracy),  were  only  retained  if  they  passed  the  Douglas 
Argos-Filter  process.  For  maximum  sustainable  rate  of  movement,  we  used  20  km  h  1  for  false 
killer  whales,  bottlenose  dolphins,  and  rough-toothed  dolphins,  and  15  km  If1  for  short-finned 
pilot  whales  and  pygmy  killer  whales,  based  on  maximum  travel  speeds  noted  during 
observations  of  fast  traveling  individuals  in  Hawaifi  (R.  W.  Baird,  pers.  obs.).  We  used  the 
default  Ratecoef  for  marine  mammals  (Ratecoef  =  25). 

Depth  and  distance  from  shore  for  all  locations  which  passed  the  Douglas  Argos-filter 
were  determined  in  ArcGIS  v.  9.2  (ESRI,  Redlands,  California)  using  a  50  m  x  50  m  multibeam 
synthesis  bathymetry  model  from  the  Hawaifi  Mapping  Research  Group  (available  at 
http://www.soest.hawaii.edu/FIMRG/multibeam/index.php).  To  determine  whether  individuals 
with  overlapping  tag  data  were  acting  in  concert  or  independently,  we  calculated  the  straight-line 
great-circle  distance  (i.e.,  not  taking  into  account  potentially  intervening  land  masses)  between 
pairs  of  individuals  when  locations  were  obtained  during  a  single  satellite  overpass.  We  used 
both  the  average  distances  between  pairs  of  individuals  and  the  maximum  distance  between  pairs 
to  assess  whether  individuals  were  acting  independently. 


Results  and  Discussion 


Overall  survey  effort 

Over  the  three  years  of  the  project  surveys  were  undertaken  on  66  days  (406  hours), 
covering  6559  km  (Table  1,  Figure  1).  Overall  there  were  191  odontocete  sightings,  183  of 
which  were  identified  to  species.  Off  0‘ahu  there  were  30  sightings  of  10  species  (Table  2), 
while  off  Kaua‘i  and  Nifihau  there  were  153  sightings  of  eight  species  (Table  3).  One  hundred 
and  two  biopsy  samples  were  collected  from  seven  different  species  (Tables  2,  3)  for  genetics 


2  http  ://alaska.usgs .  gov/ science/biology/ spatial/ douglas  .html 
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and  toxicology  studies.  Sightings  and  effort  data  from  these  surveys  have  been  incorporated  into 
a  larger  analysis  of  relative  abundance  and  habitat  use  for  all  species  of  Hawaiian  odontocetes 
(Baird  et  al.  2013a),  incorporating  a  total  of  5450  hours  and  84758  km  of  survey  effort.  Results 
from  these  specific  surveys  are  consistent  with  the  trends  evident  from  the  complete  data  set,  in 
particular  with  relatively  few  sightings  of  pantropical  spotted  dolphins  ( Stenella  attenuata )  and  a 
high  proportion  of  sightings  of  rough-toothed  dolphins  off  Kaua‘i  and  Nifihau  in  comparison  to 
off  0‘ahu  (Tables  2,  3;  see  Baird  et  al.  2013a).  Over  the  three  years  of  effort  30  satellite  tags 
were  deployed  on  five  species  (Table  4).  Tag  and  photo-identification  data  are  addressed  for 
each  of  the  tagged  species  below.  We  were  unable  to  deploy  satellite  tags  on  three  target  species 
that  were  encountered  (i.e.,  Blainville’s  beaked  whales  ( Mesoplodon  densirostris ),  melon-headed 
whales  ( Peponocephala  electro),  and  killer  whales  ( Orcinus  orca ))  due  to  the  small  number  of 
encounters  (Tables  2,  3)  and  the  difficulty  in  closely  approaching  these  species.  We  had  one 
sighting  of  killer  whales  off  Kauafi  on  24  July  2011,  a  group  of  four  individuals  first  seen 
chasing  a  rough-toothed  dolphin.  This  was  only  the  second  sighting  of  this  species  in  Hawaiian 
waters  in  surveys  which  first  began  in  2000  (Baird  et  al.  2013a).  We  were  able  to  photo-identify 
all  individuals  present,  but  there  were  no  matches  to  our  photo-identification  catalog  of  this 
species  in  Hawaifi  (Baird  et  al.  2006).  Combined  with  the  relative  infrequency  of  sighting  of 
this  species,  this  suggests  these  individuals  are  part  of  an  open-ocean  population. 

Pygmy  killer  whales 

Pygmy  killer  whales  are  one  of  the  least  known  species  of  delphinids  world-wide.  The 
first  live  animal  known  to  be  of  this  species  was  harpooned  off  Japan  only  in  1952  (Yamada 
1954),  and  they  are  naturally  rare  throughout  their  range.  In  Hawaiian  waters  they  were  first 
documented  in  the  wild  in  1963  (Pryor  et  al.  1965)  and  are  relatively  rare;  they  represented  only 
1.7%  of  odontocete  sightings  in  the  Baird  et  al.  (2013a)  analyses,  encountered  less  often  than  any 
of  the  other  10  species  of  resident  odontocetes.  Photo-identification  efforts  in  Hawai‘i  have 
revealed  the  existence  of  a  small  population  off  the  island  of  Hawaifi  that  exhibits  site  fidelity 
(McSweeney  et  al.  2009).  During  our  efforts  we  had  three  sightings  of  this  species,  all  off  0‘ahu 
in  2010.  Three  tags  were  deployed  on  pygmy  killer  whales,  on  individuals  in  two  different 
groups.  Two  of  the  individuals  were  tagged  off  0‘ahu  in  the  same  group,  although  the  tags  were 
deployed  five  days  apart.  When  this  group  was  first  encountered  identification  photos  were 
obtained  from  15  distinctive  individuals,  12  of  which  (80%)  had  been  previously  documented  off 
the  island  of  0‘ahu  in  from  two  to  four  different  years.  Both  of  the  tagged  whales  had  been 
previously  photographed  off  0‘ahu  together  in  October  2008  and  August  2009,  and  both  were 
photographed  together  in  December  2010  after  the  tags  had  come  off.  Three  other  individuals 
present  in  the  group  had  also  been  previously  photo-identified  off  0‘ahu  in  2007,  2008,  and  2009 
(the  latter  two  years  with  the  two  whales  who  were  tagged  also  present).  All  15  distinctive 
individuals  have  been  subsequently  documented  off  0‘ahu  in  from  one  to  three  different  years. 
Combined  this  suggests  this  group  is  resident  to  the  area.  Satellite  data  from  the  two  individuals 
combined  were  available  for  30  days  post-tagging.  The  group  moved  from  the  southwest  coast 
of  0‘ahu  to  off  the  south  coast,  and  then  spent  the  majority  of  their  time  in  a  small  area  off  the 
western  edge  of  Penguin  Bank  (Figure  2).  Although  they  were  an  average  of  44  km  offshore,  the 
group  was  documented  almost  entirely  in  depths  of  less  than  1000  m  (median  depth  of  location  = 
576  m;  Table  6).  Identification  photos  were  available  from  17  distinctive  individuals  from  the 
second  group  tagged,  and  two  of  those  individuals  (1 1.8%)  had  been  previously  documented,  one 
off  the  island  of  Hawaifi  and  one  off  Lana‘i.  The  movement  of  one  individual  from  Hawaifi  to 
0‘ahu  represents  the  first  inter-island  movement  documented  from  photo-identification  data  for 
this  species.  Prior  to  this  effort  movement  data  were  available  from  just  two  pygmy  killer 
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whales  tagged  off  the  island  of  Hawai‘i.  Both  individuals  were  part  of  the  same  social  group 
although  they  were  tagged  four  months  apart,  and  both  individuals  remained  strongly  associated 
with  the  island  (Baird  et  al.  2011a).  The  overall  low  re-sighting  rate  and  lack  of  previous  records 
from  0‘ahu  suggest  the  second  group  we  tagged  is  not  resident  to  the  island.  Satellite  data  from 
this  group  over  a  seven  day  period  showed  a  very  different  pattern  than  the  first  group  tagged, 
with  repeated  movements  from  less  than  1000  m  depth  to  over  3000  m  depth  (Figure  3).  Overall 
this  group  used  a  much  broader  range  of  water  depths  with  a  median  depth  of  2487  m. 
Combined  the  results  suggest  that  habitat  use  may  depend  strongly  on  whether  the  area  is  a  core 
area  for  the  group  (e.g.,  0‘ahu/Penguin  Bank  for  FaTag005  and  FaTag006)  versus  an  area  visited 
only  rarely  (FaTag007). 

False  killer  whales 

Three  populations  of  false  killer  whales  have  been  recognized  from  Hawaiian  waters:  a 
pelagic  population;  and  two  insular  populations,  one  that  inhabits  the  main  Hawaiian  Islands  and 
one  that  inhabits  the  Northwestern  Hawaiian  Islands  (NWHI).  These  populations  have  been 
recognized  based  on  a  combination  of  genetic,  photo-identification,  and  location  data  (Baird  et 
al.  2008c,  2013b;  Chivers  et  al.  2010;  Oleson  et  al.  2010).  We  encountered  false  killer  whales 
off  0‘ahu  in  2010  and  Kauafi  in  2012.  During  the  first  encounter  off  0‘ahu,  20  distinctive 
individuals  were  photo-identified,  all  of  which  were  re-sightings  of  animals  previously  cataloged 
from  the  main  Hawaiian  Islands  insular  population  (part  of  “Cluster  3”,  a  rarely  seen  group). 
(See  Baird  et  al.  2012a.)  During  the  second  encounter  off  0‘ahu  10  distinctive  individuals  were 
photo-identified,  all  of  which  had  been  previously  documented  and  were  also  members  of  the 
main  Hawaiian  Islands  insular  population  (part  of  “Cluster  1”,  the  most  commonly  seen  group). 
Tag  data  were  obtained  from  three  individuals  (one  from  “Cluster  3”  and  two  from  “Cluster  1”) 
over  periods  ranging  from  13  to  51  days  (Table  4),  and  showed  wide-ranging  movements  from 
0‘ahu  to  Hawaifi  Island  (Figure  4).  Data  from  these  three  individuals  have  been  combined  with 
satellite  tag  data  from  other  individuals  from  this  population  to  assess  high-use  areas  for 
consideration  for  critical  habitat  designation  (Baird  et  al.  2012a). 

Off  Kaua‘i  in  June  2012  false  killer  whales  were  encountered  two  days  in  a  row;  during 
the  first  encounter  10  distinctive  individuals  were  photo-identified,  while  during  the  second 
encounter  12  distinctive  individuals  were  photo-identified,  two  of  which  were  also  present  in  the 
first  encounter.  None  of  these  individuals  had  been  previously  documented  in  our  photo¬ 
identification  efforts  in  Hawaiian  waters.  Eleven  biopsy  samples  were  obtained  from  the  two 
encounters  and  sent  to  the  Southwest  Fisheries  Science  Center  for  analyses.  All  1 1  samples  were 
“haplotype  1”,  the  primary  haplotype  found  in  insular  populations  both  in  the  main  Hawaiian 
Islands  and  Northwestern  Hawaiian  Islands  (K.  Martien,  pers.  comm.),  indicating  these 
individuals  were  not  likely  part  of  the  pelagic  population.  Combined  with  the  lack  of 
photographic  matches  to  the  main  Hawaiian  Islands  insular  population,  this  evidence  suggests 
the  individuals  were  part  of  the  Northwestern  Hawaiian  Islands  population.  Three  individuals 
were  satellite  tagged  from  these  groups,  with  data  obtained  for  from  16  to  42  days.  During  this 
period  the  tagged  individuals  moved  to  the  northwest  of  Kaua‘i  as  far  as  Gardner  Pinnacles 
(Figure  5).  Prior  to  these  encounters  satellite  tag  data  were  available  from  two  individuals  from 
this  population,  tagged  in  2010  off  Nlhoa  (Baird  et  al.  2013b).  Thus  this  represents  a 
considerable  increase  in  information  available  on  movements  and  habitat  use  of  individuals  from 
this  population.  During  the  period  of  tag  overlap  all  three  individuals  tagged  in  2012  remained 
in  close  proximity;  thus  for  comparison  with  the  individuals  tagged  in  2010,  only  a  single 
individual  (PcTag034,  the  longest  tag  attachment)  is  considered.  In  general,  water  depth, 
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distance  to  shore,  and  distance  to  the  200  m  isobaths  were  similar  for  PcTag034  and  the  two 
individuals  tagged  in  2010  (Table  5). 

In  our  previous  surveys  off  Kaua‘i  and  Ni‘ihau  in  2003,  2005,  and  2008,  no  false  killer 
whales  had  been  encountered.  However,  prior  to  our  2012  encounters  off  Kaua‘i,  it  was  known 
that  individuals  from  the  NWHI  population  at  least  occasionally  visited  Kaua‘i,  based  on 
matches  of  four  individuals  opportunistically  photo-identified  off  Kauafi  (all  in  2008)  to 
individuals  documented  in  the  NWHI  population  (Baird  et  al.  2013b).  Based  on  satellite  tags 
deployed  elsewhere  in  the  islands,  individuals  from  the  main  Hawaiian  Island  insular  population 
are  also  known  to  at  least  occasionally  visit  Kauafi  and  Nifihau  (Baird  et  al.  2012a).  A  plot  of 
locations  from  the  individuals  tagged  in  2012  and  tagged  individuals  from  the  main  Hawaiian 
Islands  insular  population  that  have  moved  around  Kauafi  and  Nifihau  (Figure  6)  indicate  that 
this  area  of  overlap  between  the  two  insular  populations  includes  both  the  north  and  west  sides  of 
Kauafi  and  Nifihau. 

Three  of  the  six  tags  deployed  on  false  killer  whales  were  depth-transmitting  satellite 
tags,  two  deployed  on  individuals  from  the  main  Hawaiian  Islands  population  (one  individual 
from  each  of  “Cluster  1”  and  “Cluster  3”)  and  one  on  an  individual  from  the  Northwestern 
Hawaiian  Island  population.  Dive  data  totaling  12.87  days  were  obtained  from  the  two  main 
Hawaiian  individuals  (7.39  and  5.47  days,  respectively),  and  6.59  days  from  the  NWHI 
individual,  providing  the  first  dive  data  available  from  the  NWHI  population  and  the  first  long 
time  series  of  dive  data  from  the  MHI  population.  (See  Ligon  and  Baird  2001.)  Data  from  these 
three  depth-transmitting  tags  will  be  combined  with  data  obtained  from  false  killer  whales  tagged 
off  Hawaifi  Island  for  a  comprehensive  examination  of  false  killer  whale  diving  behavior  (Baird 
et  al.  in  prep),  but  several  things  are  worth  noting.  An  example  of  24  hours  of  dive  data  from 
PcTag026,  tagged  off  0‘ahu  in  October  2010  (Figure  7),  shows  that,  while  the  tagged  individual 
spent  the  vast  majority  of  its  time  in  the  top  50  m  of  the  water  column,  deep  dives  (maximum 
1272  m)  were  documented,  both  during  the  day  and  night. 

Bottlenose  dolphins 

Previous  studies  have  revealed  the  existence  of  four  demographically-independent 
populations  of  bottlenose  dolphins  among  the  main  Hawaiian  Islands,  which  have  been 
recognized  as  distinct  stocks  (Carretta  et  al.  2013),  with  populations  off  Kauafi  and  Nifihau, 
0‘ahu,  in  the  Maui  Nui  area,  and  off  Hawaifi  Island  (Baird  et  al.  2009;  Martien  et  al.  2011). 
During  our  efforts  off  0‘ahu  we  only  encountered  a  single  group  of  bottlenose  dolphins,  but 
were  able  to  photo-identify  10  individuals,  five  of  which  had  been  previously  documented  off 
0‘ahu  (two  in  2002,  three  in  2007),  suggesting  that  the  individuals  were  part  of  the  resident 
0‘ahu  population.  Off  Kauafi  and  Nifihau  we  had  34  encounters  with  bottlenose  dolphins,  and 
obtained  1 14  identifications  of  65  distinctive  and  very  distinctive  individuals.  All  65  individuals 
linked  by  association  in  the  main  cluster  of  the  social  network,  with  many  of  the  individuals  first 
documented  off  Kauafi  or  Nifihau  in  previous  efforts  in  2003  or  2005,  suggesting  that  all  groups 
photographically  documented  were  part  of  the  resident  island-associated  population.  We  were 
able  to  deploy  satellite  tags  on  three  individuals  off  Kauafi,  one  in  201 1  and  two  in  2012  (Table 
4).  One  of  the  individuals  tagged  in  2012  (TtTag004)  had  been  previously  photo-identified  off 
Kauafi  in  2011,  and  both  of  the  other  individuals  have  been  photo-identified  off  Kauafi 
subsequently.  All  three  were  linked  by  association  within  the  main  cluster  of  the  social  network 
(Figure  8).  Movement  data  obtained  for  periods  from  15  to  34  days  showed  all  three  individuals 
restricted  to  relatively  near-shore  and  shallow  waters  (median  depths  of  88-332  m)  around  the 
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island  of  Kaua‘i  (Figure  9;  Table  7).  Although  individuals  moved  cumulative  distances  ranging 
from  1214  to  2016  km,  on  average  they  remained  within  from  10  to  40  km  of  their  tagging 
locations.  (Maximum  straight-line  distance  from  the  tagging  location  was  61.4  km  (Table  7)). 
None  of  the  individuals  was  documented  moving  from  Kaua‘i  to  Ni‘ihau,  although,  based  on 
photo-identification,  movements  between  those  islands  do  occur  (Baird  et  al  2009).  Results 
both  from  photo-identification  and  satellite  tagging  support  previous  studies  that  indicate  a 
resident  island-associated  and  demographically-isolated  population  of  bottlenose  dolphins  off 
Kaua‘i  and  Ni‘ihau. 

Rough-toothed  dolphins 

A  single  stock  of  rough-toothed  dolphins  is  currently  recognized  from  Hawaiian  waters 
(Carretta  et  al.  2013),  although  results  from  photo-identification  suggest  that  individuals  exhibit 
some  site  fidelity  to  specific  islands  and  that  movements  between  the  Kaua‘i/Ni‘ihau  area  and 
Hawai‘i  Island  are  limited  (Baird  et  al  2008b).  In  the  Baird  et  al  (2008b)  examination  of  re¬ 
sightings  and  movements  of  photo-identified  rough-toothed  dolphins  in  Hawai‘i  there  were  only 
six  identifications  of  distinctive  individuals  from  0‘ahu,  none  of  which  had  been  re-sighted.  We 
encountered  three  groups  of  rough-toothed  dolphins  off  0‘ahu  in  2010  and  were  able  to  photo- 
identify  individuals  in  each  group.  In  all  three  encounters  individuals  documented  had  been 
previously  photographed  off  0‘ahu,  either  from  2003  or  from  2007,  the  first  evidence  for  site 
fidelity  of  rough- toothed  dolphins  off  0‘ahu. 

Rough-toothed  dolphins  were  sighted  on  75  occasions  off  Kaua‘i  and  Ni‘ihau,  by  far  the 
most  frequently  encountered  species  of  odontocete  in  this  study  (Table  3).  Seven  individuals 
were  satellite  tagged  off  Kaua‘i.  These  are  the  first  deployments  of  satellite  tags  on  free-ranging 
rough-toothed  dolphins  anywhere  in  the  world;  previous  satellite  tagging  of  this  species  has  been 
limited  to  animals  that  had  stranded  and  were  rehabilitated  and  released,  with  tags  surgically 
attached  (Wells  et  al.  2008).  All  tagged  individuals  were  photo-identified,  and  four  of  the  seven 
tagged  individuals  had  been  previously  documented  off  Kaua‘i  and/or  Ni‘ihau,  in  2005,  2007,  or 
2008.  One  of  the  individuals,  HISb0431  (SbTag004),  was  first  documented  off  Kaua‘i  in  2005, 
was  photo-identified  off  Hawai‘i  Island  in  2006,  and  then  again  off  Kaua‘i  in  2011  and  2012. 
This  was  one  of  the  two  individuals  Baird  et  al.  (2008b)  had  documented  moving  between 
Kaua‘i  and  Hawai‘i  Islands.  The  return  of  this  individual  to  Kaua‘i,  as  well  as  the  other 
individual  documented  moving  among  islands  (which  was  re-sighted  in  August  2011  off  Kaua‘i), 
indicates  that  the  inter-island  movements  documented  were  not  permanent  dispersal  events. 

All  of  the  satellite  tagged  individuals  were  linked  by  association  in  the  main  cluster  of  the 
social  network  (Figure  10),  indicating  they  are  part  of  the  island-associated  population.  Two  of 
the  individuals,  tagged  in  the  same  group  in  August  2011  (SbTag002  and  SbTag003),  remained 
relatively  close  together  during  the  period  of  tag  overlap  (median  =  1 .06  km;  see  Baird  et  al. 
2012b),  suggesting  they  were  from  a  single  social  group.  Location  data  were  obtained  from  the 
seven  tags  for  periods  ranging  from  5.9  to  27.5  days;  during  these  periods  all  of  the  tagged 
individuals  remained  generally  associated  with  the  slope  waters  of  Kaua‘i  and  Ni‘ihau  (Figure 
11;  Table  8).  Cumulative  distances  moved  by  individuals  ranged  from  424  to  2174  km,  yet 
individuals  remained  an  average  of  10.3  to  51.9  km  from  their  tagging  locations,  with  the 
maximum  straight-line  distance  from  the  tagging  location  of  103.1  km  (Table  8).  These  results 
corroborate  the  evidence  of  site  fidelity  from  photo-identification  data  (Baird  et  al.  2008b), 
indicating  that  these  individuals  appear  to  be  an  island-associated  resident  population. 
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During  our  efforts  we  collected  eight  genetic  samples  from  rough-toothed  dolphins  off 
0‘ahu  and  32  samples  from  rough-toothed  dolphins  off  Kaua‘i  and  Ni‘ihau;  these  samples  have 
been  contributed  to  a  study  of  population  genetics  being  undertaken  as  part  of  a  Ph.D.  project 
through  Oregon  State  University.  Preliminary  results  from  this  work  suggest  that  populations  off 
Kaua‘i  and  Hawai‘i  are  demographically  isolated  (R.  Albertson,  pers.  comm.). 

Short-finned  pilot  whales 

A  single  stock  of  short-finned  pilot  whales  is  currently  recognized  from  Hawaiian  waters 
(Carretta  et  al.  2013).  Photo-identification  efforts  off  the  island  of  Hawaifi  have  indicated  a  high 
degree  of  site  fidelity,  at  least  for  some  groups,  and  provided  some  evidence  that  there  may  be 
more  than  one  population  of  short-finned  pilot  whales  in  Hawaiian  waters  (Mahaffy  et  al.  in 
review).  During  our  study,  pilot  whales  were  encountered  four  times  off  0‘ahu  and  eight  times 
off  Kaua‘i  and  Nifihau  (Tables  2,  3),  and  seven  genetic  samples  were  obtained.  These  samples 
have  been  contributed  to  a  Ph.D.  study  on  pilot  whale  population  genetics  being  undertaken  at 
Scripps  Institution  of  Oceanography.  Off  0‘ahu  there  were  two  encounters  one  day  apart  (15 
and  16  October  2010)  where  30  distinctive  individuals  were  photo-identified;  of  those,  six 
individuals  were  in  common  between  the  two  encounters.  None  of  the  30  individuals  had  been 
previously  photo-identified  off  0‘ahu,  although  six  individuals  had  been  previously  documented 
off  Lana‘i  in  2000.  An  analysis  of  association  data  from  all  short-finned  pilot  whales  photo- 
identified  around  the  main  Hawaiian  Islands  from  2000  through  2012  showed  this  group  was  an 
isolated  cluster,  with  no  links  to  the  main  components  of  the  social  network  (not  shown).  Three 
satellite  tags  were  deployed  on  individuals  in  these  two  encounters,  with  the  tags  transmitting  for 
periods  spanning  from  22.8  to  228.2  days.  This  latter  tag  deployment  is  the  longest  duration 
span  of  location  data  obtained  from  any  of  the  182  satellite  tags  deployed  on  Hawaiian 
odontocetes  since  2007  (Cascadia  Research  Collective,  unpublished).  Based  on  an  analysis  of 
distance  between  the  locations  of  the  three  tagged  individuals  (see  Baird  et  al.  2011b),  two  of  the 
individuals  were  acting  in  concert  (GmTag042  and  GmTag043),  with  a  median  distance  between 
locations  during  the  same  satellite  overpass  of  3.0  km,  while  the  other  individual  appeared  to  be 
acting  independently.  During  the  periods  of  tag  attachments  the  tagged  individuals  remained 
strongly  associated  with  0‘ahu  and  the  Maui  Nui  area  for  the  entire  duration  of  tag  transmissions 
(Figure  12).  Most  of  the  time  was  spent  off  the  leeward  (west)  shores  of  Lana‘i  and  the  south 
and  west  shores  of  0‘ahu,  with  relatively  little  time  spent  on  the  north  side  of  0‘ahu  or  north  of 
the  4-island  area.  Tagged  individuals  from  this  group  were  strongly  associated  with  the  slope, 
with  most  locations  in  depths  of  less  than  3000  m  (GmTag041  median  =  1128  m,  GmTag042 
median  =  1330  m,  GmTag043  median  =1247  m;  Table  9).  Maximum  distance  moved  from  the 
tagging  location  for  these  individuals  was  190  km.  The  relative  lack  of  movements,  strong 
association  with  the  slope,  and  large  proportion  of  individuals  that  had  been  previously  photo- 
identified  suggest  this  is  a  resident  group  to  the  0‘ahu/Maui  Nui  area.  The  lack  of  previous  (or 
subsequent)  sightings  of  this  group  off  0‘ahu,  however,  suggests  that  it  may  spend  the  majority 
of  its  time  elsewhere,  e.g.,  off  Maui  Nui. 

The  remaining  two  encounters  off  0‘ahu  were  on  a  single  day  (19  October  2010),  with 
the  two  groups  separated  by  approximately  1  km  when  the  second  group  was  encountered.  In 
the  first  encounter  20  distinctive  individuals  were  photo-identified,  none  of  which  had  been 
previously  documented;  two  satellite  tags  were  deployed  on  individuals  in  this  group 
(GmTag044,  GmTag045,  see  Table  4).  In  the  second  encounter,  14  distinctive  individuals  were 
photo-identified,  four  of  which  had  been  previously  photo-identified  off  Kaua‘i  in  2008.  One 
individual  from  the  second  group  was  satellite  tagged  (GmTag046).  An  analysis  of  association 
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data  from  all  short-finned  pilot  whales  photo-identified  around  the  main  Hawaiian  Islands  from 
2000  through  2012  showed  that  both  of  these  groups  were  isolated  clusters,  i.e.,  with  no  links  to 
the  main  components  of  the  social  network.  For  the  first  nine  days  after  tagging  the  tagged 
individuals  remained  in  relatively  close  proximity  (median  =  2.4  km),  after  which  GmTag046 
separated.  After  the  first  nine  days  the  median  distance  apart  was  164  km  (maximum  =  457  km). 
These  individuals  ranged  widely,  both  among  the  western  main  Hawaiian  Islands  almost  as  far  as 
Nlhoa  in  the  northwestern  Hawaiian  Islands,  and  offshore  (Figure  13),  with  one  individual 
crossing  into  international  waters.  Average  water  depth  used  by  these  three  individuals  was 
more  than  three  times  the  depth  used  by  the  individuals  tagged  on  15  and  16  October  2010 
(Table  9).  The  movements  of  these  three  individuals,  in  contrast  to  those  tagged  on  15  and  16 
October  2010,  suggest  they  are  part  of  a  widely  ranging  open-ocean  population  of  this  species, 
rather  than  an  island-associated  population. 

Short-finned  pilot  whales  were  encountered  on  eight  occasions  off  Kaua‘i  in  2011  and 
2012.  Sixty-five  identifications  of  50  distinctive  individuals  were  obtained,  27  of  which  had 
been  previously  documented  either  off  Kauati  or  off  southwestern  0‘ahu.  Individuals  from  all 
groups  encountered  were  linked  by  association  in  a  single  social  network,  the  main  component  of 
the  social  network  of  pilot  whales  documented  off  Kauati  and  0‘ahu  (not  shown).  Five  satellite 
tags  were  deployed  on  pilot  whales  off  Kaua‘i  on  three  different  days  (three  on  18  and  19 
February  2011,  and  two  on  14  January  2012).  Four  of  the  five  individuals  tagged  had  either  been 
previously  or  subsequently  photo-identified  off  southwestern  0‘ahu.  Based  on  analyses  of 
associations,  the  three  tags  deployed  in  February  2011  were  on  individuals  from  three  different 
social  groups  (tenned  clusters;  see  Mahaffy  e!  al.  in  review),  while  the  two  tags  deployed  in 
January  2012  were  on  one  social  group  (cluster  W6),  which  had  also  had  one  individual  tagged 
in  February  2011  (GmTag050).  Location  data  from  these  five  tags  were  obtained  over  periods 
from  11.7  to  73.3  days  (Table  4).  Two  of  the  five  tagged  individuals,  one  in  each  year 
(GmTag051  and  GmTag063),  ranged  both  around  Kaua‘i  and  Nifihau  with  movements  to  the 
southeast  as  far  as  the  eastern  tip  of  0‘ahu  (Figure  14). 

General  conclusions 

Our  efforts  substantially  increased  what  is  known  about  the  movements  and  habitat  use  of 
five  species  of  odontocetes  in  the  western  main  Hawaiian  Islands:  pygmy  killer  whales,  false 
killer  whales,  bottlenose  dolphins,  rough-toothed  dolphins,  and  short-finned  pilot  whales.  For  all 
five  species,  satellite  tag  data  indicate  that  there  are  island-associated  populations,  although  how 
these  species  use  the  habitat  varies,  with  some  restricted  primarily  to  near-shore  shallow  waters 
(i.e.,  bottlenose  dolphins),  while  others  primarily  use  slope  waters.  For  one  species,  short-finned 
pilot  whales,  tag  and  photo-identification  data  suggest  three  broadly  overlapping  populations 
around  or  in  the  study  area:  an  open-ocean  population  and  two  island-associated  populations,  one 
which  uses  the  area  from  Ni‘ihau  to  western  0‘ahu,  and  the  other  that  uses  the  larger  area  around 
0‘ahu  and  Maui  Nui. 
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Figure  1.  Map  showing  all  survey  effort. 
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Figure  2.  Locations  of  two  satellite  tagged  pygmy  killer  whales  (FaTag005  and  FaTag006) 
tagged  off  0‘ahu  in  October  2010  and  tracked  over  a  30-day  period.  These  two 
individuals  are  thought  to  be  resident  to  the  0‘ahu/Maui  Nui  area. 
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Figure  3.  Locations  of  a  satellite  tagged  pygmy  killer  whale  tagged  off  0‘ahu  24  October 
2010  (FaTag007)  and  tracked  over  a  7.2-day  period.  This  individual  is  not 
thought  to  be  resident  to  the  0‘ahu  area. 
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Figure  4.  Locations  from  three  satellite  tagged  false  killer  whales  from  the  main 
Hawaiian  Islands  insular  population  tagged  off  0‘ahu  in  October  2010  and 
tracked  over  periods  of  13.2  to  51.3  days. 
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Figure  5.  Locations  of  three  tagged  false  killer  whales  from  the  Northwestern  Hawaiian 
Islands  population  tagged  off  Kaua‘i  in  June  2012  over  periods  from  16.6  to 
42.1  days.  The  boundary  of  the  Papahanaumokuakea  Marine  National 
Monument  is  shown  (solid  yellow  line),  as  is  the  U.S.  Exclusive  Economic 
Zone  (solid  blue  line). 
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Figure  6.  Overlap  of  satellite-derived  locations  from  individuals  from  the  main 
Hawaiian  Islands  insular  stock  and  the  individuals  tagged  in  June 


2012. 
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Figure  7.  Twenty-four  hours  of  dive  data  from  a  satellite  tagged  false 
killer  whale  (PcTag026)  tagged  off  0‘ahu  in  October  2010. 
This  plot  shows  a  time  series  of  depth  readings  recorded  every 
2.5  minutes.  The  depth-transmitting  tags  also  record  maximum 
depth  and  duration  of  dives.  The  three  deep  dives  occurring 
shortly  after  midnight  on  10/21/2010  were:  1048  m,  1 1.98  min; 
1272  m,  14.65  min;  1020  m,  12.52  min. 
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Figure  8.  The  main  cluster  of  the  social  network  of  bottlenose  dolphins  off 
Kaua‘i  and  Ni‘ihau,  with  the  tagged  individuals  indicated.  This 
cluster  contains  177  individuals  photo-identified  between  2003 
and  2012,  including  those  considered  slightly  distinctive, 
distinctive,  or  very  distinctive. 
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Figure  9.  Location  data  from  three  satellite  tagged  bottlenose  dolphins  tagged  off  Kaua‘i 
in  201 1  and  2012,  with  data  available  for  periods  ranging  from  15  to  32  days. 
(See  Table  4.) 
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Figure  10.  Social  network  of  rough-toothed  dolphins  photo-identified  off  Kaua‘i 
and  Ni‘ihau  from  2003  through  2012,  with  tagged  individuals 
indicated.  There  are  350  individuals  represented,  with  308  (88%) 
linked  by  association  in  the  main  cluster  of  the  social  network. 
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Figure  11.  Location  data  from  seven  satellite  tagged  rough-toothed  dolphins  tagged  off 
Kaua‘i  in  2011  and  2012,  with  data  available  for  periods  from  5.9  to  27.5 
days. 
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Figure  12.  Location  data  from  three  satellite  tagged  short-finned  pilot  whales  tagged  off 
0‘ahu  on  15  and  16  October  2010  (GmTag041,  GmTag042,  GmTag043). 
Individuals  present  during  these  encounters  had  been  previously  photo- 
identified  off  Lana‘i  in  2000.  The  gap  in  distance  between  the  cluster  of 
points  north  of  Maui  and  those  off  0‘ahu  reflect  multi-day  intervals  due  to 
duty  cycling  after  the  first  60  days  of  transmission. 
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Figure  13.  Location  data  from  three  satellite  tagged  short-finned  pilot  whales  tagged  off 
0‘ahu  on  19  October  2010  (GmTag044  and  GmTag045  -  yellow  circles; 
GmTag046  -  white  squares).  When  tagged,  GmTag046  was  in  a  different 
group  than  GmTag044  and  GmTag045,  although  (based  on  tag  data) 
GmTag046  remained  relatively  close  to  GmTag044  and  GmTag045  (median 
distance  =  2.4  km)  for  the  first  nine  days  of  overlap,  after  which  they 
separated  by  as  much  as  457  km. 
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Figure  14.  Location  data  from  five  satellite  tagged  short-finned  pilot  whales  tagged  off 
Kaua‘i  in  February  2011  and  January  2012. 
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Table  1.  Summary  of  research  effort  by  year. 


Year 

Islands 

#  vessel 
days 

#  hours  on 
effort 

#  km  on 
effort 

Primary  vessel 
used 

2010 

0‘ahu 

14 

96 

1385 

8.2  m  Whaler 

2011 

Kaua‘i/Ni‘ihau 

23 

152 

2411 

8.2  m  Whaler 

2012 

Kaua‘i/Ni‘ihau 

29 

158 

2763 

7.3  m  RHIB 

Total,  all  islands 

66 

406 

6559 

Table  2.  Summary  of  odontocete  sightings  off  0‘ahu  in  October  2010.  For  those  species  where 
satellite  tags  were  deployed,  name  abbreviations  are  given  in  italics.  (Refer  to  Table  4.) 


Species 

No.  of 
sightings 

Group  size 
(range) 

#  genetic 
samples 

#  satellite  tags 
deployed 

# 

photos 

Blainville’s  beaked  whale 

2 

3-4 

0 

0 

339 

Bottlenose  dolphin 

1 

19 

2 

0 

258 

Dwarf  sperm  whale 

1 

1 

0 

0 

0 

False  killer  whale  (Pc) 

2 

19-28 

4 

3 

3467 

Melon-headed  whale 

1 

1 

0 

0 

2 

Pantropical  spotted  dolphin 

11 

11-170 

10 

0 

1888 

Pygmy  killer  whale  (Fa) 

3 

17-25 

3 

3 

4538 

Rough-toothed  dolphin 

3 

14-24 

8 

0 

2481 

Short-finned  pilot  whale 
(Gm) 

4 

32-56 

5 

6 

5396 

Spinner  dolphin 

2 

25-55 

0 

0 

294 

Table  3.  Summary  of  odontocete  sightings  off  Kaua‘i  and  Ni‘ihau  in  2011  and  2012.  For  those 
species  where  satellite  tags  were  deployed,  name  abbreviations  are  given  in  italics. 
(Refer  to  Table  4.) 


Species 

No.  of 
sightings 

Group 

size 

#  genetic 
samples 

#  satellite  tags 
deployed 

# 

photos 

Blainville’s  beaked  whale 

1 

5 

0 

0 

99 

Bottlenose  dolphin  (Tt) 

34 

1-200 

19 

3 

10714 

False  killer  whale  (Pc) 

2 

18-19 

11 

3 

4260 

Killer  whale 

1 

4 

0 

0 

779 

Pantropical  spotted  dolphin 

4 

1-25 

1 

0 

103 

Rough-toothed  dolphin  (Sb) 

75 

1-65 

32 

7 

19215 

Short-finned  pilot  whale 
(Gm) 

8 

5-85 

2 

5 

5002 

Spinner  dolphin 

28 

2-120 

5 

0 

7932 

29 


Table  4.  Tag  deployments  by  species. 


Species 

Tag  ID 

Individual  ID 

Population  ID1 

Date  tagged 

Duration  (Days) 

Island 

Tag  type 

Sex 

Fa 

FaTag  005 

HIFa368 

0‘ahu  resident 

10/13/2010 

11.81 

0‘ahu 

Spot5 

Female 

Fa 

FaTag  006 

HIFa371 

0‘ahu  resident 

10/18/2010 

25.47 

0‘ahu 

Spot5 

Female 

Fa 

FaTag  007 

HIFa459 

Unknown 

10/24/2010 

7.16 

0‘ahu 

Spot5 

Unknown 

Gm 

GmTag  041 

HIGml291 

0‘ahu  /Lana‘i  resident 

10/15/2010 

22.83 

0‘ahu 

Spot5 

Male 

Gm 

GmTag  042 

HIGml296 

0‘ahu  /Lana‘i  resident 

10/16/2010 

97.50 

0‘ahu 

Spot5 

Male 

Gm 

GmTag  043 

HIGml297 

0‘ahu  /Lana‘i  resident 

10/16/2010 

228.27 

0‘ahu 

Spot5 

Male 

Gm 

GmTag  044 

HIGml317 

Open  ocean? 

10/19/2010 

57.99 

0‘ahu 

Spot5 

Male 

Gm 

GmTag  045 

HIGml324 

Open  ocean? 

10/19/2010 

9.31 

0‘ahu 

Spot5 

Male 

Gm 

GmTag  046 

FIIGml  187 

Open  ocean? 

10/19/2010 

53.09 

0‘ahu 

Spot5 

Male 

Gm 

GmTag  049 

HIGml374 

Kaua‘i/0‘ahu  resident 

02/18/2011 

30.93 

Kaua‘i 

Spot5 

Male 

Gm 

GmTag  050 

HIGm0180 

Kaua‘i/0‘ahu  resident 

02/18/2011 

36.80 

Kaua‘i 

MklO-A 

Male 

Gm 

GmTag  051 

HIGml400 

Kaua‘i/0‘ahu  resident 

02/19/2011 

70.33 

Kaua‘i 

Spot5 

Male 

Gm 

GmTag  063 

HIGm0209 

Kaua‘i/0‘ahu  resident 

01/14/2012 

73.26 

Unknown 

Gm 

GmTag  064 

HIGm0036 

Kaua‘i/0‘ahu  resident 

01/14/2012 

11.68 

Male 

Pc 

PcTag  026 

HIPc200 

MHI  insular 

10/15/2010 

13.19 

0‘ahu 

MklO-A 

Male 

Pc 

PcTag  027 

HIPcl32 

MFII  insular 

10/22/2010 

51.32 

0‘ahu 

Spot5 

Male 

Pc 

PcTag  028 

HIPc272 

MFII  insular 

10/22/2010 

47.61 

0‘ahu 

MklO-A 

Unknown 

Pc 

PcTag  034 

HIPc519 

NWFII  insular 

06/13/2012 

42.06 

Kaua‘i 

Spot5 

Unknown 

Pc 

PcTag  035 

HIPc520 

NWFII  insular 

06/13/2012 

21.45 

Kaua‘i 

MklO-A 

Male 

Pc 

PcTag  036 

HIPc533 

NWFII  insular 

06/14/2012 

16.62 

Kaua‘i 

Spot5 

Female 

Sb 

SbTagOOl 

HISb0860 

Kaua‘i  resident 

07/31/2011 

7.59 

Kaua‘i 

Spot5 

Unknown 

Sb 

SbTag  002 

HISb0908 

Kaua‘i  resident 

08/02/2011 

12.52 

Kaua‘i 

Spot5 

Male 

Sb 

SbTag  003 

HISb0785 

Kaua‘i  resident 

08/02/2011 

18.55 

Kaua‘i 

Spot5 

Male 

Sb 

SbTag  004 

HISb0431 

Kaua‘i  resident 

01/14/2012 

27.51 

Kaua‘i 

Spot5 

Unknown 

Sb 

SbTag  005 

HISb0938 

Kaua‘i  resident 

06/17/2012 

5.92 

Kaua‘i 

MklO-A 

Unknown 

Sb 

miinWitMJi 

HISb0933 

Kaua‘i  resident 

07/01/2012 

10.44 

Kaua‘i 

MklO-A 

Unknown 

Sb 

SbTag  007 

HISb0362 

Kaua‘i  resident 

07/02/2012 

13.73 

Kaua‘i 

MklO-A 

Unknown 

Tt 

TtTag  002 

HITt0632 

Kaua‘i  resident 

08/03/2011 

34.13 

Kaua‘i 

Spot5 

Male 

Tt 

TtTag  004 

HITt0746 

Kaua‘i  resident 

06/13/2012 

15.09 

Kaua‘i 

Spot5 

Unknown 

Tt 

TtTag  005 

HITt0782 

Kaua‘i  resident 

06/24/2012 

23.99 

Kaua‘i 

MklO-A 

Unknown 

1  Population  ID  based  on  various  characteristics,  including  re-sighting  history  of  individual  and/or  group  encountered,  genetics  (for  false  killer  whales),  and  tag  data. 
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Table  5.  Comparison  of  depth,  distance  to  land,  and  distance  to  the  200  m  isobath  of  one  of  the  individual  false  killer  whales 
tagged  off  Kaua‘i  in  June  2012  with  two  individuals  tagged  off  Ni‘ihau  in  2010  (from  Baird  et  al.  2013b). 


Tag  ID 

Number 

of 

locations 

Water  Depth  (m) 

Distance  to  land  (km) 

Distance  to  200  m  isobath  (km) 

Min. 

Median 

Max. 

Min. 

Median 

Max. 

Min. 

Median 

Max. 

PcTag024 

34 

22 

1532 

4082 

7.1 

38.6 

104.1 

0.10 

4.1 

34.7 

PcTag025 

337 

9 

2506 

5127 

2.0 

55.0 

147.5 

0.02 

17.1 

89.9 

PcTag034 

501 

17 

697 

4631 

1.0 

52.7 

245.6 

0.10 

5.2 

106.1 

Table  6.  Movements  and  habitat  of  satellite  tagged  pygmy  killer  whales  tagged  off  0‘ahu  in  2010.  FaTag005  was  not  included  due  to 
the  small  sample  size  of  locations.  See  Table  4  for  additional  infonnation. 


Tag  ID 

Cumulative 
distance 
moved  (km) 

Median  distance 
from  deployment 
location  (km) 

Maximum 
distance  from 
deployment 
location  (km) 

Median 
distance  from 
shore  (km) 

Maximum 
distance  from 
shore  (km) 

Median 

depth 

(m) 

Maximum 
depth  (m) 

FaTag006 

1419.4 

3.9 

80.8 

44.9 

57.8 

576 

2546 

FaTag007 

587.6 

26.1 

45.7 

22.9 

52.2 

2489 

3754 

Table  7.  Movements  and  habitat  of  satellite  tagged  bottlenose  dolphins  tagged  off  Kaua‘i  in  2011  and  2012.  See  Table  4  for 
additional  information. 


Tag  ID 

Cumulative 
distance 
moved  (km) 

Median  distance 
from  deployment 
location  (km) 

Maximum 
distance  from 
deployment 
location  (km) 

Median 
distance  from 
shore  (km) 

Maximum 
distance  from 
shore  (km) 

Median 

depth 

(m) 

Maximum 
depth  (m) 

TtTag002 

2016.6 

39.9 

61.4 

2.5 

14.1 

88 

2880 

TtTag004 

1214.7 

39.5 

56.2 

3.3 

15.7 

332 

2008 

TtTag005 

1774.6 

10.0 

56.8 

4.1 

16.9 

244 

1807 

31 


Table  8.  Movements  and  habitat  use  of  satellite  tagged  rough-toothed  dolphins  tagged  off  Kaua‘i  in  201 1  and  2012.  See  Table  4  for 
additional  information. 


Tag  ID 

Cumulative 
distance 
moved  (km) 

Median  distance 
from  deployment 
location  (km) 

Maximum 
distance  from 
deployment 
location  (km) 

Median 
distance  from 
shore  (km) 

Maximum 
distance  from 
shore  (km) 

Median 

depth 

(m) 

Maximum 
depth  (m) 

SbTagOOl 

573.6 

13.8 

39.7 

11.6 

19.5 

816 

2162 

SbTag002 

809.8 

10.3 

30.2 

12.2 

21.5 

1031 

2762 

SbTag003 

1295.8 

10.7 

42.4 

12.2 

21.7 

1107 

2703 

SbTag004 

2174.5 

51.9 

103.1 

13.0 

40.7 

1512 

4460 

SbTag005 

424.5 

18.1 

56.6 

10.9 

27.2 

1109 

3971 

SbTag006 

594.6 

11.3 

37.5 

10.4 

17.8 

752 

2545 

SbTag007 

793.4 

10.3 

35.7 

12.2 

18.6 

827 

2247 

Table  9.  Movements  and  habitat  use  of  satellite  tagged  short-finned  pilot  whales  tagged  off  0‘ahu  in  2010  or  Kaua‘i  in  2011  and 
2012.  See  Table  4  for  additional  information. 


Tag  ID 

Cumulative 
distance 
moved  (km) 

Median  distance 
from  deployment 
location  (km) 

Maximum 
distance  from 
deployment 
location  (km) 

Median 
distance  from 
shore  (km) 

Maximum 
distance  from 
shore  (km) 

Median 

depth 

(m) 

Maximum 
depth  (m) 

GmTag041 

1150.0 

114.6 

148.7 

18.0 

47.5 

1128 

3208 

GmTag042 

3063.6 

92.2 

153.4 

25.5 

81.6 

1330 

4736 

GmTag043 

6109.5 

83.2 

190.3 

22.5 

67.6 

1247 

3881 

GmTag044 

5093.1 

290.6 

505.2 

133.2 

381.4 

4607 

4944 

GmTag045 

987.6 

262.2 

425.2 

65.4 

171.4 

4336 

4701 

GmTag046 

4372.8 

193.6 

424.0 

81.1 

237.1 

4318 

4876 

GmTag049 

2309.5 

66.3 

246.1 

27.4 

140.4 

3424 

4729 

GmTag050 

1607.7 

54.8 

132.0 

19.8 

48.9 

2589 

4554 

GmTag051 

2306.9 

45.1 

190.1 

17.6 

58.8 

2043 

4438 

GmTag063 

4246.8 

48.6 

177.5 

15.9 

122.3 

2033 

4870 

GmTag064 

866.5 

27.3 

78.6 

12.2 

35.8 

1416 

4375 
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